ABSTRACT The objective of this research was to examine the effects of prolactin (PRL) on the lipid synthesis of organ-cultured pigeon crops in vitro. In experiment 1, the histology, activities of enzymes, and expression of genes involved in metabolism and apoptosis of organ-cultured pigeon crops were analyzed over a 7-d culture period. The results showed that cultured crops maintained their structural integrity for up to 3 d in vitro. Beyond 3 d, caspase-3 activity and Bak1 gene expression increased with day of culture, whereas the activities of succinate dehydrogenase, Na + -K + -ATPase, Ca 2+ -Mg 2+ -ATPase, total ATPase, and gene expression of Bcl-2 and CK-19 diminished (P < 0.05). In experiment 2, the crops were cultured for 24, 36, and 48 h in medium containing 0, 25, or 50 ng/mL PRL, respectively, and the accumulation of lipid droplets, lipid content, and expression of fatty acid transportationand lipogenesis-related genes were analyzed. The results showed that the crops with PRL supplements showed higher amounts of lipid droplets than those of the controls, and the droplets were mainly located in the basal nutritive layer in response to PRL. The efficacy of inducing lipid accumulation increased as the concentration of PRL increased. Crops with 50 ng/mL PRL incubated for 36 h displayed the maximal lipid content. Increasing the concentration of PRL from 0 to 50 ng/mL resulted in a dose-dependent increase in the expression of acetyl-CoA carboxylase, fatty acid synthase, fatty acid translocase, fatty acid binding protein 5, acyl-CoA binding protein, and peroxisome proliferator-activated receptor γ genes after incubation for 36 h (P < 0.05). Therefore, our results indicated that the organ-cultured pigeon crops maintained good viability for up to 3 d in vitro. Furthermore, PRL induced the lipid synthesis of organ-cultured pigeon crops in a dose-and timedependent manner, which was related to the increased expression of genes involved in fatty acid transportation and lipogenesis.
INTRODUCTION
The avian crop (ingluvies) is an enlarged part of the esophagus found in most bird species (Kierończyk et al., 2016) . Consistent with that of other birds, the normal function of the pigeon crop is feed storage and moistening, as well as a functional barrier for pathogens (Kierończyk et al., 2016) . In particular, the pigeon crop is adapted to produce crop milk that is fed to the young during the process of brooding and chick rearing. The process of crop milk production begins when the germinal cell layer of the crop rapidly proliferates in response to prolactin (PRL), which results in the formation of crop milk (Gillespie et al., 2011) . The pigeon crop has become a useful organ system in the fields of epidemiology, nutriology, and physiology because of its C 2018 Poultry Science Association Inc. Received June 5, 2018. Accepted December 1, 2018. 1 Corresponding author: pengxiejqs@126.com simplicity and specificity (Ahmad et al., 2005; Rosario et al., 2010; Gillespie et al., 2012) . To date, most of our understanding related to pigeon crops is mainly based on in vivo assays (Dumont, 1965; Chadwick and Jordan, 1971; Gillespie et al., 2011) . The information available on pigeon crops under in vitro conditions remains scarce. In mammals and poultry, organ-cultured tissues are effective models to assess changes in tissue due to stimulation in vitro (Mao et al., 2004; Xie et al., 2012) . Therefore, more detailed information could be explored in investigations using organ-cultured pigeon crop.
Prolactin is a hormone that promotes crop-milk production and mammary secretion (Riddle et al., 1933) , but their processes are structurally markedly different (Dumont, 1965) . Although possible different functions may exist between mammalian and bird PRL, mammalian PRL was already proved to bind to its receptor in crop sac (Shani et al., 1981; Kledzik et al., 1975; Forsyth et al., 1978) . In vivo studies, injection of ovine or bovine PRL could induce a marked epithelial hyperplasia of pigeon crop, and lipid accumulation was suggested to be related to this hormone (Dumont, 1965; Goodridge and Ball, 1967; Horseman and Will, 1984) . However, after decades, a lack of direct in vitro evidence remains for this hypothesis.
Despite various chemical analyses (such as fatty acids, amino acids, minerals) of crop milk (Hedge, 1972; Desmeth, 1980; Shetty et al., 1990) , no success has yet been reported that the artificial substitute of crop milk could promise chicks of pigeons a high survival rate and normal growth. To explore the mechanism of pigeon, milk formation was essential to give a better understanding of physiology of altricial species of birds and develop useful strategies for nutrient requirement of pigeons.
Therefore, the present study was designed to first evaluate the viability of pigeon crop in an organ culture system over a 7-d period. Then, based on the established organ-cultured pigeon crop, PRL-mediated lipid accumulation and expression of fatty acid transportation-and lipogenesis-related genes in the pigeon crop were detected. Our results are expected to provide important data for further investigations on pigeon crops, especially for studies under in vitro conditions.
MATERIALS AND METHODS
All of the procedures used in this study were approved by the animal welfare committee of the Animal Science College, Zhejiang University and the Animal Care Committee of the Chinese Academy of Agricultural Sciences.
Experiment 1
Organ Culture in Vitro Pigeon crop tissues were cultured by the methods described previously with some modifications (Priya et al., 2014) . Adult White King pigeons (60 wk of age) were obtained from a commercial pigeon farm (Weitekai Pigeon Co., Ltd., Wuxi, China). In total, 4 adult male pigeons at day 10 of incubation were used in this trial. The crops were rapidly obtained under sterile conditions, and extra tissues were removed with fine tweezers and scalpels. Crops were washed in Dulbecco's modified Eagle medium (DMEM) and then chopped using a sterilized, sharp razor blade on a plastic surface into small pieces (2 to 3 mm 3 ). The fragments were uniformly mixed and seeded in 6-well plates (10 crop pieces per well) and incubated at 37
• C in a humidified incubator maintained with 5% CO 2 . Approximately 10 crop pieces were cultured in each well of a plastic culture plate, and 2 mL of culture medium was added into the dish. The culture medium was DMEM/F12 supplemented with 5% fetal calf serum (Invitrogen, Carlsbad, CA), 100 U/mL penicillin, 100 μg/mL streptomycin, 10 ng/mL epidermal growth factor, 0.5 μg/mL hydrocortisone, and 5 μg/mL insulin.
The crop pieces were cultured for up to 7 d. The medium was changed every 24 h during the culture period. Six wells of crop pieces were harvested daily for analysis.
Histological Examination The cultured crop fragments were fixed in 10% neutral-buffered formalin for up to 24 h and then were dehydrated, cleared, and embedded in paraffin. Sections of 8 μm were cut and placed on glass slides. Hematoxylin and eosin staining was performed using standard protocols. Slides were evaluated under light microscopy (Nikon Corp., Tokyo, Japan), and digital images were captured.
Determination of Enzymatic Activities The harvested crop tissues on each day were homogenized in cold physiological saline to give a 10% homogenate (using a glass homogenizer), which was centrifuged at 12, 000 × g at 4
• C for 10 min. The supernatant was collected. After determining the amount of total protein in the supernatant with a BCA kit (Cwbiotech, China), the activities of caspase-3, succinate dehydrogenase (SDH), Na + -K + -ATPase, Ca 2+ -Mg 2+ -ATPase, and total ATPase in the supernatant were detected using commercial kits (Nanjing Jiancheng Bioengineering Research Institute, Nanjing, China) according to the manufacturer's protocol; the absorbance was measured at 405, 600, 660, 660, and 660 nm, respectively, using a microtiter plate reader (Thermo, Varioskan Flash). The caspase-3 activation was calculated as OD (test)/OD (negative control). The activities of SDH, Na + -K + -ATPase, Ca 2+ -Mg 2+ -ATPase, and total ATPase are expressed as units/mg protein.
Total RNA Extraction, Reverse Transcription and Real-time PCR Total RNA was isolated from harvested crop pieces using Trizol reagent (Invitrogen) according to the manufacturer's protocol. Total RNA was quantified by both native RNA electrophoresis and the UV absorbance ratio at 260 and 280 nm. Complementary DNA was synthesized from 2 μg of total RNA by M-MLV reverse transcriptase (TaKaRa, Dalian, China) at 42
• C for 60 min with oligo dT-adaptor primer according to the manufacturer's instructions. The qRT-PCR was conducted in an Mx3000P (Stratagene, La Jolla, CA). The PCR used a SYBR Premix PCR kit (TaKaRa). Two microliters of 2-fold-diluted RT product was used for the PCR in a final volume of 20 μL containing 10 μL of SYBR Green Real-time PCR Master Mix (TaKaRa Bio). The qRT-PCR conditions were as follows: 95
• C for 30 s, followed by 40 cycles of 95
• C for 10 s, 60
• C for 30 s, and 72
• C for 20 s. The primers for B-cell lymphoma-2 (Bcl-2), brassinosteroid insensitive1-associated receptor kinase 1 (BAK1), cytokertin 19 (CK-19), and β-actin were used to amplify the corresponding gene fragment, with β-actin as the internal control (Table 1) . Each sample was performed in replicate. Specificity of the amplification was verified by post-PCR melting curve analysis. Relative mRNA expression for target genes was calculated using the 2-ΔΔCt method (Livak and Schmittgen, 2001 ). 
Experiment 2 PRL Treatments
To test the effect of PRL on the lipid accumulation in the cultured crop tissues, PRL from sheep pituitary (Sigma Aldrich) was reconstituted in sterile water to 200 μg/mL and stored at -20
• C. Eight adult male pigeons at day 10 of incubation were used in this trial. Pigeon crop pieces were incubated in 6-well plates (10 crop pieces per well) 1 d before treatment with PRL. The medium was changed, and PRL was added to the tissue culture medium at different concentrations (0, 25, or 50 ng/mL). Cultured crops with PRL treatments were then incubated at 37
• C in a humidified incubator maintained with 5% CO 2 . After 24, 36, and 48 h of incubation, cultured crops were harvested and analyzed. At each time point, tissue treated with the concentration of 0 ng/mL PRL was the control.
Oil Red O Staining The procedures were performed according to the method of Cholewiak et al. (1968) . Briefly, after harvest, crop pieces were snap-frozen in optimum cutting temperature compound, and sections of 8 μm were cut with a cryostat, stained with Oil Red O (Solarbio, China), and counterstained with hematoxylin. Oil Red O-stained lipid droplets were red, and the red lipid drops in the crop directly revealed the degree of lipid accumulation. Finally, sections were imaged using a light microscope (Eclipse 80i; Nikon) at ×200 magnification.
Keratinocyte Preparation Keratinocytes were prepared by the methods described previously with some modifications (de Craene et al., 2014). Briefly, after harvest, crop pieces were washed with PBS twice and then spread in a petri dish, and dispase II solution was added. Dispase II solution was prepared by dissolving 2.5 U/mL dispase II in Ca 2+ -free keratinocyte medium (Clonetics, Lonza, Verviers, Belgium) without serum. After overnight incubation at 4
• C, the epidermis was separated from the dermis. The epidermis was cut in pieces and disaggregated for 20 min at 37
• C in the presence of 0.25% trypsin and 0.02% EDTA. Fetal calf serum was added to the suspension, and the cells were filtered through 39-μm strainers to remove the remaining clumps. Cells were sedimented by centrifugation for 5 min at 1,000 × g.
Confocal Microscopy
For immunofluorescent staining, cells (prepared as mentioned above) were incubated with anti-pan-keratin primary antibody (1:400 dilution) (Pan-Keratin Mouse mAb, Cell Signaling Technology) overnight at 4
• C and incubated with secondary antibody (1:500 dilution) (Anti-Mouse IgG, Cell Signaling Technology) for 2 h in the dark. Coverslips were mounted with Prolong Gold (Cell Signaling Technology). Specimens were examined immediately. Images were collected by confocal microscopy (DMIRE2, Leica Microsystems, Wetzlar, Germany) using a ×20 objective and the Leica Confocal Software (version 2.5 Build 1227).
Flow Cytometry For keratin staining, cells (prepared as mentioned above) were incubated with primary antibody (1:50 dilution) for 1 h at room temperature and further incubated with the secondary antibody (1:500 dilution) for 30 min at room temperature. Control cells were only treated with the secondary antibody. The cells were analyzed by a FACSCalibur flow cytometer (BD Biosciences, San Jose, CA). The results represented the percentages of cells with keratin-positive fluorescence signals after gating to exclude the autofluorescence signal of the control cells. Data files were analyzed using the FlowJo analysis software (version V9/X, TreeStar, Ashland, OR). Fluorescence was recorded as the mean fluorescence intensity (MFI). Cell count was normalized, and the absolute count is represented by 100% of the total (% of maximum) (Dieu et al., 2014) .
Nile red (a vital lipophilic dye used to label fat accumulation in the cytosol) was used to determine the lipid content in prepared cells. The procedures were performed as reported by García-mediavilla et al. (2012) with some modifications. Briefly, the prepared cells were washed twice with PBS and incubated for 8 min with Nile red solution at a final concentration of 1 mg/mL in PBS at 37
• C, then washed twice, resuspended in PBS, and analyzed on the flow cytometer. Data were analyzed as in the procedure used for keratin staining. Mean fluorescence intensity was assessed by the FlowJo software. Fold induction was estimated by calculating the ratio between treated conditions and the untreated condition (control).
Real-Time Analysis of Genes Involved in Fatty Acid Transport and Fatty Acid Synthesis in Cultured Pigeon Crops Following PRL Stimulation
After incubating for 36 h, cultured crops treated with PRL at 0, 25, and 50 ng/mL were sampled and analyzed. Gene expression of acetyl-CoA carboxylase (ACC), fatty acid synthase (FAS), fatty acid translocase (FAT/CD36), fatty acid binding protein 5 (EFABP), acyl-CoA binding protein (ACBP), peroxisome proliferators-activated receptor-alpha (PPARα), and peroxisome proliferators-activated receptor-gamma (PPARγ) was detected by real-time PCR. Total RNA extraction, reverse transcription, real-time PCR, and data analysis were performed as mentioned in experiment 1. The primers reported by Xie et al. (2017) were used to amplify corresponding target gene fragments (Table 1) . β-Actin was the internal control, and the primer was the same as that in experiment 1.
Statistical Analyses
Data of enzyme activities and gene expression are presented as the mean ± SE. The data were statistically analyzed with 1-way ANOVA using the SPSS 20.0 statistical software package (SPSS Inc., Chicago, IL), and the level of a statistically significant difference was set at P < 0.05.
RESULTS

Experiment 1
Histological Examination of Organ-cultured Pigeon Crop Over a 7-day Culture Period in Vitro As shown in Figure 1 , the organ-cultured crop revealed lamina propria, stratum basale, and nutritive layer. External to the lamina propria was the muscular layer. Crop pieces maintained their structural integrity between days 0 and 3, and the normal pigeon crop structure was evident, with epithelial cells in an organized array. After 4 d of culture in vitro, the stratum basale and nutritive layer displayed apparent wound sites. These wound sites showed a variety of sizes and shapes characterizing an abnormal pigeon crop epithelium. The lamina propria degenerated, and the muscular layer resolved gradually.
Enzyme Activities in Organ-Cultured Pigeon Crop Over a 7-day Culture Period in Vitro To investigate the viability of the organ-cultured crop, activities of the enzymes caspase-3, SDH, Na + -K + -ATPase, Ca 2+ -Mg 2+ -ATPase, and total ATPase were determined daily up to 7 d during the culture. As shown in Table 2 , at day 1 in culture, caspase-3 activity increased significantly, whereas the activities of the other enzymes were notably repressed (P < 0.05). After culturing for 2 to 3 d in vitro, caspase-3 activity decreased to a low level (P < 0.05), whereas the activities of SDH, Na + -K + -ATPase, Ca 2+ -Mg 2+ -ATPase, and total ATPase increased to a high level (P < 0.05). Subsequently, caspase-3 activity changed as a linear response, with a maximum at day 6 (P < 0.05), whereas activity of the others diminished linearly during the same culture period (P < 0.05).
Gene Expression in Organ-cultured Pigeon Crop Over a 7-day Culture Period in Vitro As shown in Figure 2 , a steep decrease was observed for mRNA abundance of Bcl-2 and CK-19 at day 1, followed by a dramatic increase at day 2, which then remained high up to day 3, whereas Bak1 gene expression displayed an inverse tendency at the same time points (P < 0.05). Between day 3 and 7 in culture, the expression level of Bcl-2 and CK-19 diminished linearly (P < 0.05), whereas Bak1 gene expression increased with day of culture (P < 0.05).
Experiment 2 Imaging of Neutral Lipids by Oil Red O in Organcultured Pigeon Crop Following PRL Treatments
Accumulation of lipids in the cultured pigeon crops after PRL treatments was assessed qualitatively by Oil Red O staining. As shown in Figure 3 , staining of cultured pigeon crop from controls (0 ng/mL) demonstrated few lipid drops in the basal nutritive layer. The cultured crop tissues treated with PRL at 25 or 50 ng/mL showed higher amounts of lipid droplets throughout the nutritive layer than those of the controls across the experiments. The droplets were primarily located in the basal nutritive layer in response to PRL.
Flow Cytometric Analysis of Nile Red-stained Cells in Organ-cultured Pigeon Crop Following PRL Treatments
The percentage of keratin-positive cells in the cell suspension from cultured pigeon crops was 83.41% ( Figures 4A-4C ). Representative fluorescence images of keratin-positive cells, corroborating the The results of the flow cytometric analysis of Nile red-stained cells are presented in Figure 5 . After 24 h of incubation, a significant induction of lipid accumulation in 25 ng/mL (1.38-fold induction) and 50 ng/mL (1.47-fold induction) PRL groups was detected compared with that in the controls (0 ng/mL PRL) (Figures 5A -5B). After 36 h of incubation, PRL at the concentration of 50 ng/mL resulted in the most efficient stimulation with a 2.28-fold induction of lipid accumulation ( Figures 5C-5D ) compared with that of the 0 ng/mL PRL treatment. Additionally, crop tissues incubated with 50 ng/mL PRL for 36 h displayed the maximal lipid content across the study. In the 25 ng/mL PRL treatment, the maximum lipid accumulation was detected after 48 h of incubation. Crop tissues stimulated with 0 ng/mL PRL for 36 h displayed higher lipid contents than those in tissues incubated for 24 h (Figures 5A-5C ). A-C Bars with no common letters are significantly different at different ages (P < 0.05).
Gene Expression for Fatty Acid Transport and Fatty Acid Synthesis in
and PPARγ increased linearly with the increase in concentration of PRL from 0 to 50 ng/mL after 36 h of incubation (P < 0.05), whereas the expression of PPARα was maintained at a low level across the experiment. FAT/CD36 upregulation increased significantly when 25 ng/mL (11.61-fold induction) and 50 ng/mL PRL (25-fold induction) were added ( Figure 7A ). Compared with that of the controls, the expression of ACBP (Figure 7B) , EFABP ( Figure 7C ), and PPARγ ( Figure 8B ) genes increased by more than 5-fold following the PRL treatments (P < 0.05), whereas FAS and ACC gene expression was induced by more than 3-fold (P < 0.05, Figure 6 ).
DISCUSSION
Culturing tissue is beneficial for sustaining physiologic cellular populations and intercellular connections, and an in vitro organ culture system is an obvious choice for the study of virus pathogenicity, drug and nutrient metabolism, or cell differentiation (Hahn et al., 2014) . In this study, organ-cultured pigeon crop was performed for the first time, and the viability was evaluated by investigating the histology, enzymatic activities, and gene expression of the crop tissues over a 7-d culture period in vitro. Our results suggested that the pigeon crop extracted from the body cultured in vitro required a 24-h acclimation period because of adaptations to the microenvironment of the in vitro system. A significant change in enzyme activities and gene expression occurred at day 1, which then remained stable between day 2 and 3. Similar to the observation in organ-cultured adult Zebra fish heart (Pieperhoff et al., 2014) , in this study, the organ-cultured pigeon crop in vitro sustained good viability for up to 3 d without damage to the structural integrity. Beyond 3 d, a significant and progressive loss of tissue integrity and function began to appear. According to the observation of pigeon crops in vivo (Beams and Meyer, 1931; Dumont, 1965) , the histological assessment of the organ-cultured pigeon crop suggested that pigeon crop in vitro remained intact and functional for up to 3 d in this study. Fibrocytes, blood vessels, and nerves were dispersed in the lamina propria (Beams and Meyer, 1931; Dumont, 1965) . After culture for 4 d, the lamina propria degenerated, suggesting a decrease in transport activity of nutrients and metabolites in the cultured pigeon crop.
Apoptosis is an important pathway for cell death and plays a key role in the development and defense of homeostasis of multicellular organisms (Degterev and Yuan, 2008; Fuchs and Steller, 2011) . In in vitro systems, cell viability may be impaired by generating apoptosis (Zhang et al., 2017) . In this study, an apparent alteration in the apoptosis index was detected during organ culture. Caspase-3 is a key enzyme in the regulation of cell apoptosis (Jia et al., 2014) . Similar to reports in organ-cultured human corneas (Crewe and Armitage, 2001 ), caspase-3 activity of the cultured pigeon crop increased with time after day 3 in culture in this study. One explanation may be that the cell death induced by DNA damage triggers caspase-3 activation during the culture period (Surova and Zhivotovsky, 2013) . The Bcl-2 protein family is responsible for the intrinsic apoptotic pathway, and Bcl-2 and Bak1 are 2 important members of the Bcl-2 family. The Bcl-2 is antiapoptotic, whereas the BaK1 is proapoptotic (Youle and Strasser, 2008) . Our results indicated that for the periods >3 d of pigeon crop organ culture in vitro, the expression level of Bcl-2 gene decreased and that of Bak1 gene increased.
SDH is a membrane-bound dehydrogenase linked to the respiratory chain and a key member of the tricarboxylic acid (TCA) cycle. SDH is a valid marker for estimating the viability of cells in organ culture systems (Salla et al., 1995; Xie et al., 2013) . A decrease in SDH activity is related to an altered state of oxidation and energy metabolism of tissues (Shah and Jain, 2016 ). In the current experiment, a notable decrease in SDH activity was detected in organ-cultured pigeon crops after culture for 4 d, suggesting lesions in the TCA cycle and reduction in ATP synthesis at the terminal phase of culture. ATPases are integral parts of active transport mechanisms for cations across cell membranes, which can be meaningful indicators of cellular activity. ATPase activities are likely responsible for structural integrity and cellular membrane stability and permeability, in addition to much of basic metabolic and physiological activities (Lee et al., 2012; Li et al., 2016) . Consistent with the observation in tissue culture of sockeye salmon intestine (Veillette and Young, 2005) , ATPase activities (Na + -K + -ATPase, Ca 2+ -Mg 2+ -ATPase, and total ATPase) of the organcultured pigeon crop generally declined after several days in culture. , an intermediate type I keratin, maintains epithelial cell integrity and forms the cytoskeleton of epithelial cells (Van Muijen et al., 1987; Li et al., 2014) . Similar to Yang et al. (2015) , the observed expression of the CK-19 gene in our experiments indicated that the process of epithelial differentiation occurred in the organ-cultured pigeon crops during the culture period. Collectively, our data suggested that the organ-cultured pigeon crops could provide a model for assessing functional and histological changes possibly for up to 3 d. An extended period in culture beyond this time point was associated with remarkable damage in histology and to metabolic and physiological activities, with an increase in apoptosis. In recent years, the lipid accumulation in pigeon crops has received increased attention. Previously, by in vivo injection of PRL, PRL-treated crop sac tissue contained significantly more lipid than that of unstimulated control crop tissue (Chadwick and Jordan, 1971) . In this study, based on the established organ-cultured pigeon crop, we demonstrated for the first time the PRL-induced lipid accumulation in the epithelium of pigeon crop under in vitro conditions on both a qualitative and quantitative level. Oil Red O staining showed that in the response to PRL the droplets were primarily located in the basal nutritive layer of the pigeon crop mucosa, which is supported by the observations of Dumont (1965) . Our results provide the first direct evidence to confirm the hypothesis that PRL stimulus is responsible for the appearance of lipids in the crop cells (Dumont, 1965) . Furthermore, the results of the Nile red-stained cell suspension showed a dose-and time-response relationship between PRL treatments and lipid accumulation in pigeon crops. Importantly, a high concentration of PRL demonstrated high efficacy in inducing the lipid accumulation in this study. The tendency is similar in an in vivo assay (Goodridge and Ball, 1967) . Accumulation of neutral lipids in keratinocytes is a unique trait of avian species (Lavker, 1975 , Vanhoutteghem et al., 2004 . Collectively, the data of this study further support that lipid storage in the pigeon crop epidermis primarily builds on the ability of avian keratinocytes to accumulate intracellular neutral lipids (Gillespie et al., 2013) . Additionally, the lipid content at 36 and 48 h of incubation in the control group (0 ng/mL PRL) was higher than that at 24 h, which might result from the rich nutrients in the medium.
Earlier, some evidence showed that the intracellular accumulation of lipid could be a manifestation of cell degeneration (Lewis, 1923) . However, Dumont (1965) suggests that the lipid droplets found in the crop after hormonal stimulation are not due to cell degeneration. PRL signaling is proposed to regulate the lipogenic switch (Rudolph et al., 2007) . In mammals, PRL strongly increases mammary lipid production by A-C Bars with no common letters are significantly different at different ages (P < 0.05).
affecting the activities of many lipid biosynthetic enzymes such as acetyl-CoA carboxylase and fatty acid synthase (BenJonathanand Hugo, 2015) . PRL signaling in the mammary gland is best defined for its role in the regulation of lipogenic gene transcription (Naylor et al., 2005) . However, no such information has been provided for the pigeon crop. Our data demonstrated for the first time the effects of PRL on the expression of genes involved in de novo fatty acid synthesis and fatty acid transport in pigeon crops. Because these results were obtained from organ-cultured pigeon crop under in vitro conditions, our data provide strong evidence that an entire suite of fatty acid synthesis-and fatty acid transport-related genes is rapidly and coordinately increased specifically in the organ-cultured pigeon crops A-C Bars with no common letters are significantly different at different ages (P < 0.05).
following the PRL stimulation. In vivo, the changing patterns of PRL receptor and fatty acid transportationand de novo synthesis-related gene expression in pigeon crops, in addition to hepatic lipid metabolism-related parameters, coincide with PRL fluctuations in adult pigeons, with these parameters maintained at a high level during the process of crop milk production (Mohamed et al., 2016; Xie et al., 2017; Wan et al., 2017) . It was confirmed that PRL-inducible signal transmission was modulated by the PRL receptor (Vleck et al., 2000) . Combined with the results of PRL-induced lipid accumulation, our data supported the hypothesis that lipid accumulation in the crop of parent pigeons originates from the uptake of presynthesized fatty acids and de novo lipogenesis in the crop (Gillespie et al., 2013; Xie et al., 2017) . This process possibly occurs because PRL signaling increases the expression of genes involved in fatty acid transportation and de novo synthesis via PRL receptors. However, more investigations were needed to clarify the contribution of fatty acid transportation or de novo synthesis to total lipids observed in vivo.
In conclusion, this report is the first regarding the pigeon crop under in vitro culture conditions. The current study demonstrated that organ-cultured pigeon crop cultured for 2 to 3 d could provide a useful tool for future pigeon crop assays. Furthermore, PRL induced the lipid synthesis of organ-cultured pigeon crop in a doseand time-dependent manner, and the increase in PRL stimulation increased fatty acid transportation-and de novo synthesis-related gene expression. These findings provide a framework for future characterization of the pigeon crop under in vitro conditions.
